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ABSTRACT 
Controversy exists over the role of dietary protein and 
energy in the treatment of malnourished children. This 
retrospective study analyzes data from charts of a nonrandom 
selection of 27 children(<3 years old) that were hospitalized for 
the treatment of malnutrition in Peru between 1961 and 1982. 
Selection criteria were that a given child had consumed a 
constant amount and type of energy and protein over at least a 10 
week period. The actual amounts consumed varied between 
children. Chart data on protein and calorie intake, initial 
nutritional status, and infection were compared to changes in 
weight, height, and body composition. 
The children demonstrated adequate weight gain (4.95 gm/kg 
body weight/day) with an average energy intake of 143 kcal/kg 
body weight/day and a protein intake of 2.98 gm/kg body 
weight/day. Further, the levels of energy were 25% below the 
World Health Organization recommendations indicating that their 
their recommendations are appropriate. 
Regression analysis demonstrated that rate of weight gain 
was dependent upon initial weight(R**2=.45) . The initial age, 
amount of protein and calories, degree of initial weight deficit, 
and amount of disease did not add to the R**2 significantly. 
The analysis of body composition showed that the rate of 
albumin change was mainly dependent upon the initial serum 
albumin(R**2=.45) indicating the importance of controlling for 
initial values. 
Although protein and calories did not show a clinically 
significant effect on growth in this study, the ability to 
identify a difference in growth was limited by the sample size. 

INTRODUCTION 
Protein-energy malnutrition (PEM) is currently 
recognized as one of the most important diseases in 
developing countries [1]. The severity of the problem is 
difficult to estimate as many classification schemes have 
been used in various types of studies to determine the 
incidence and prevalence of PEM. From a review of past 
studies it appears that roughly 20% of children in 
developing countries suffer from "moderate" to "severe" 
malnutrition according to the Gomez classification. 
Between 1-5% have "severe" (Grade III) malnutrition.[see 
Table 1] 
It should be noted that the prevalence of PEM varies 
widely between countries and can fluctuate greatly within 
a population with prevalence rates up to 80% for "severe" 
malnutrition during famines. The disease is closely 
associated with underdevelopment and thus a "cure" will 
necessarily be multifaceted encompassing improvements in 
poverty, literacy, sanitation, housing, and quantity and 
quality of food. 
Dietary therapy is usually employed in two major 
ways. First, it is used as part of a community wide food 
supplementation program attempting to prevent 
malnutrition. Second, as specific treatment for 
malnourished individuals with the goal being acute 
improvement of nutritional status. Both programs are 
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often coupled with nutrition education to aid in more long 
term prevention. Thus, in the long run dietary treatment 
plays a small role in the attempt to eradicate 
malnutrition. 
But in the short run, the mainstay of prevention of 
the morbidity and mortality of malnutrition is case 
identification followed by specific dietary therapy. One 
of the most important goals of dietary treatment is to 
provide high quality and adequate quantity of food during 
the recuperative stage. The basic principle is to raise 
the nutritional level as quickly as possible by providing 
sufficient amounts of energy producing foods with high 
quality protein [2]. Quick improvement allows the child 
to return to their family with the least amount of 
institutionalization. 
This study explores the relationship of dietary 
protein and calories to the rate of growth in a group 
hospitalized malnourished children in Peru. Further, the 
impact of disease and amount of activity on growth and 
changes in body composition is examined. Lastly, the 
level of protein and calories in relation to growth in 
this study will be compared and contrasted with findings 





1)Protein and Energy 
Protein and energy are the basic components in 
children's diet important for day to day activities and 
growth. The major function of protein is to provide the 
body with "essential" amino acids and nitrogen for the 
synthesis of the "non-essential" amino acids. Amino acids 
are needed to ensure adequate basal protein synthesis and 
in children to provide for net body protein gain during 
growth. Further, a small portion of the protein 
requirement is for the synthesis of cellular enzymes and 
precursors to the immune system. Factors which can 
increase protein requirements include i)increased stress 
in the form of infection, pain or anxiety, ii)heat leading 
to increased sweat loss, iii)heavy work resulting in 
increased muscle mass, and iv)a low energy diet.[3] 
Energy, measured most commonly as calories, provides 
the ultimate substrates for production of cellular "fuel" 
mainly in the form of adenosine triphosphate (ATP). The 
energy requirements in children depends on five main 
variables: i)physical activity, ii)body size and 
composition, iii)age, iv)climate and ecological factors, 
and v)stage of growth. For humans the most common sources 
of energy are in the form of carbohydrates, fat, protein, 
and ethanol.[3] 
Protein and energy are consumed together in food and 
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their ultimate interrelationship is determined by a 
complex constellation of factors centered on the status of 
the food (quality, quantity, density, viscosity, etc.), 
and the status of the person (nutritional state, 
infection, level of activity, etc.)* Metabolic studies 
have shown that energy intakes affects protein utilization 
in two major ways. First, low energy intake leads to a 
loss in body protein in adults or reduced growth rates in 
children. Second, with low energy intakes utilization of 
additional protein in the diet is impaired.[4] 
Essentially, at low energy intakes dietary protein is used 
preferentially as a source of energy at the expense of 
protein-requiring processes. 
2)Dietary Recommendations 
The World Health Organization (WHO) periodically 
reviews the literature and compiles recommendations for 
dietary protein and energy intake for adults and children. 
The most recent recommendations were released in 1971 and 
differed greatly from the previous 1965 
recommendations.[3] Specifically, dietary protein levels 
expressed as egg or milk protein were 20% lower than the 
previous levels.[2] Using the new criteria, large scale 
epidemiological studies have shown that protein intake was 
adequate in many countries. Further, review of past 
studies using the new recommendations showed that energy 
levels were more often less adequate than protein levels. 
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As a result of the new recommendations the emphasis on 
protein decreased and policies concerning health, 
agricultural, and economy have concentrated on increasing 
energy and not protein. The WHO recommendations for 
children are partly extrapolated from growth curves of U.S 
children. Specifically, normal weight gain is presumed to 
be the average annual incremental growth. This weight 
gain is assumed to be 18% protein. Thus, for any given 
age protein and energy requirements can be derived. WHO 
recommends an additional 11% above the baseline 
maintenance requirement to provide for normal growth. 
Likewise, for calories, 3% of the baseline should be added 
for growth. The document also states that 
for a malnourished child the caloric intake should equal 
the recommended total daily intake based upon the age of 
the child. Thus, one must use the recommendation given as 
kcal/kg of body weight per day, multiply it by the normal 
weight of the reference child at that age to get total 
calories per day, and then, divide the total by the weight 
of the malnourished child to determine kcal/kg body weight 
per day for that child. This is a quite tedious and 
complicated process. Using these recommendations a rough 
guide can be produced to determine what levels of protein 
and calories will support specific rates of weight gain. 
These recommendations have been criticized widely. 
Most important the WHO recommendations make 
extrapolations from metabolic data on healthy adult 
page 5 

subjects in developed countries to be applied to 
populations living under strong environmental stresses in 
developing countries. Also, the report fails to recognize 
that different forms of malnutrition may require different 
levels of protein and energy for improvement. Thirdly, 
studies on usual dietary intake fail to account for the 
effect of decreased intake during episodes of infection. 
Finally, no specific levels of energy and protein 
recommendations are provided for individuals with 
malnutrition. Analyses of Table 2 shows that the WHO 
recommendations are similar to what researchers in the 
field recommend. At all rates of recovery the WHO 
requirements for calories are higher than recommended by 
some researchers in the field. At rates at around 5 or 
more times normal though the WHO recommendation for 
protein appears lower than the researchers 
recommendations.[see Table 2] 
Thus, in general it appears that applying the WHO 
recommendations to malnourished children may provide 
enough protein and calories. There is very little data 
concerning the optimal rate of recovery (growth) for 
malnourished children. The United Nations University 
World Hunger Programme workshop in Costa Rica concluded 
that diets of children with acute infections should be 
adequate to provide for growth rates up to five times the 
average normal growth rate. Some nutrition rehabilitation 
centers have reported very rapid growth rates up to twenty 
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times the normal rate. 
Fast rates of growth are desirable in the hospital to 
return the child quickly to the family environment. 
Also, rapid recovery reduces the risk of cross infection 
within the hospital and reduces the economic costs 
associated with hospitalization. Fast weight gain is also 
important to attempt to have the child at an improved 
weight and nutritional status prior to a possible future 
infection. On the other hand, there is concern that the 
composition of the weight gained is not ideal and possibly 
not similar to the composition of the weight lost.[6] 
3)Body Composition 
The general goal of dietary therapy is to restore 
weight and height in malnourished children. Most 
nutrition rehabilitation centers use the median weight- 
for-height obtained from reference charts as the initial 
goal. More specifically, it is hoped that weight gained 
is of similar composition to weight lost. Studies in 
Jamaican children on diets with 250 kcal/kg body 
weight/day achieved growth rates of up to 20 gm/kg of body 
weight per day (20 times normal) with a normal addition of 
lean body mass as measured by total body potassium 
(TBK) .[7] Further, nitrogen balance studies have shown 
that caloric intakes of 150 kcal/kg body weight per day 
and 2 gm protein/kg body weight per day lead to balanced 
tissue deposition of nitrogen.[8] There is concern though 
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that high energy diets my lead to a disproportionate 
increase in adipose tissue [9]. Also, decreased activity 
within the hospital may not be optimal for muscle 
development. 
Brooke and Wheeler using high energy diets with high 
fat concentrations observed increase in both fat and 
muscle, but with proportionally larger increase in fat[9]. 
Studies in Peru have also shown poor lean body mass 
increases during short-term nitrogen balance studies in 
which high weight gains were correlated with preferential 
deposition of fat.[10] 
Very few studies have used changes in skinfold 
anthropometries as indicators for change in body 
composition. In Jamaica, researchers found that children 
consuming a milk diet with 199 keal/kg body weight per day 
with 4.5 gm protein/kg body weight per day showed growth 
rates of 10 gm/kg body weight/day . Further, based on 
skinfold measurements the deposition of fat and protein 
was similar to what is expected to have been lost during 
the periods of weight loss that lead to the malnourished 
state.[8] 
Changes in serum albumin have also been used to 
monitor changes in protein stores. Serum albumin levels 
can be maintained when dietary protein and energy are low 
with increased degradation of muscle protein stores and 
changes in albumin distribution between intra- and extra¬ 
cellular compartments.[11] Thus, hypoalbuminemia 
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represents total body protein deficit and albumin 
increases can be used as an early indicator of improved 
protein composition during treatment. Using changes in 
albumin as a criteria Graham et. al. found that diets 
using wheat flour as a source of protein at levels between 
2 and 3 gm/kg body weight per day with 150 kcal/kg body 
weight per day provided for adequate rates of growth of 
5.36 gm/kg body weight per day, but with an actual 
decrease in serum albumin to below 3 gm/dl.[12] They 
concluded that although rapid rates of weight gain could 
be achieved, adequate levels of protein of high quality 
are needed to insure appropriate improvements of lean body 
mass.[6] 
4)Role of Infection 
Malnutrition and infection are closely interrelated, 
but the specific nature of this interaction is not well 
known. It is clear that a vicious cycle exists with 
infection leading to a worse nutritional state which 
predisposes the child to further infection. Unfortu¬ 
nately, most studies on the role of infection have been 
done on previously healthy young adults. Few studies have 
looked at children, and almost no studies have examined 
the role of infection in malnourished children in devel¬ 
oping coutries. In general, infection can lead to mal¬ 
nutrition through metabolic, clinical, or cultural means. 
The metabolic changes in response to infection have 
page 9 

been studied extensively. Essentially, changes in the 
handling of nutrients is the most important alteration, 
and this occurs in three ways; nutrient overutilization, 
nutrient diversion, and nutrient sequestration.[2] 
Nutrient overutilization consists of increased energy 
expenditure, increased use of vitamins, and increased use 
of endogenous protein.[5] Infection as a form of stress 
is associated with a rise of hormones such as the 
catecholamines, growth hormone, insulin, and 
corticosteroids. These hormones and endogenous pyrogens 
cause an increase in basal metabolic rate (BMR) and fever. 
This leads to increased caloric expenditure and thus, 
increased energy demand. 
Nutrient diversion occurs as a result of the 
increased protein and energy demands. Glycogen stores are 
depleted and gluconeogenesis is accelerated in the liver 
to meet energy demands. Plasma proteins are broken down 
in the liver to provide carbon skeletons for 
gluconeogenisis. Nitrogen atoms are released and 
converted into urea and ammonia to be excreted in the 
urine. The source of the protein is mainly skeletal 
muscle which is broken down to replace plasma protein used 
by the liver. In fact, with infection the accelerated 
gluconeogenesis and altered lipid metabolism leads to a 
preferential use of protein over fat as a source of 
energy.[13] This is just the opposite of what is seen 
during starvation where an increased release of fatty 
page 10 

acids leads to increased ketone bodies in the liver which 
diminishes protein catabolism. Also, proteins are used to 
provide substrates for components of the immune system. 
Increased production of phagocytic cells, immunoglobulins, 
intracellular enzymes, and the lymphoid system occurs 
during infection.[13] 
Lastly, sequestration of specific nutrients occurs 
during infection. Specifically, iron and zinc are stored 
in increased quantities in the liver. This may be 
important as zinc is necessary for maximizing the cellular 
immune response.[14] 
Clinically, the most important manifestations of 
infection are the associated anorexia, diarrhea, nausea, 
and vomiting. Dietary intake has been estimated to 
decrease by 4% even with ample access to food.[5] 
Community studies in Guatemala where food is limited found 
that children less than seven years old with diarrhea, 
apathy, fever, rash, or vomiting decreased food intake by 
20% on the average. [15] Thus, for populations already 
consuming low amounts of energy and protein this reduction 
can have profound effects. Diarrhea leads to about a 0.5% 
increase in the loss of consumed food with about 30-40% of 
dietary protein lost in the stool compared to 10% without 
diarrhea.[13] Lastly, vomiting clearly decreases the 
actual amount of food a child consumes. 
Many cultural responses to infection can affect 
nutrition. Most damaging is the widespread practice of 
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not feeding ill children, to "rest the bowel" in diarrhea 
for instance. Also, food that may be given is often of 
lower caloric and protein value. Lastly, medicinal plants 
and medicines are often added to the food which can alter 
their nutritional value.[2] 
Specific types of infection appear to affect 
nutrition in different ways. Gastrointestinal infection 
has been shown to be associated with atrophy of the 
villi[16], increased bacterial flora which may compete for 
nutrients[17], secondary intolerance to simple and complex 
carbohydrates (lactase deficiency), and decreased protein 
absorption.[18] Respiratory infections appear to manifest 
themselves mainly through the associated symptoms of 
fever, anorexia, and local inflammation (pharyngitis, 
tonsillitis, glossitis), all creating decreased food 
intake. Parasitic infections can be especially 
devastating. Malaria effects nutrition through increased 
energy demand with the fevers, and increased protein and 
iron demands from hemolysis of red blood cells. 
Tuberculosis and hepatitis are examples where chronic low 
grade infection can lead to malnutrition.[2] 
Lastly, disease can occur in multiples. Viral 
respiratory illnesses are often followed by viral 
gastroenteritis. Studies in have shown that 90% of 
children with measles also have either diarrhea (33%), 
bronchopnuemonia (16%), or both (41%). [19] Further, in 
Nigeria 40% of the admissions to the hospital for 
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malnutrition are precipitated be an episode of 
measles.[20] 
Malnutrition also predisposes children to further 
infection. Long lasting effects on lymphoid development 
and cellular immune function have been observed in infants 
suffering perinatal malnutrition.[14] In contrast, older 
malnourished children (2-6 years of age), show a quick 
recovery of immune function with recovery of nutritional 
status. Specific factors seen in malnourished Colombian 
children include; decreased cell mediated immunity in 
vitro and in vivo (decreased cutaneous hypersensitivity to 
dintrochlorobenzene [DNCB], and decreased humoral immunity 
with decreased concentrations of immunoglobulins (IgG, 
IgM) and complement (C3) .[11] All of the above increased 
with 4-5 weeks of dietary therapy. In the setting of 
impaired immune function it is difficult to know whether 
chronic infection or moderate or subclinical malnutrition 
is the main cause. Regardless, the result is that the 
child is more prone to further infection and continuation 
of the infection-malnutrition-infection cycle. 
Epidemiological studies make clear that where the 
burden of infection is high, the prevalence of 
malnutrition is also high. In prospective studies in 
Guatemala, 30% of a child's life during the first three 
years of life is spent with an infection. Children 
averaged 8 episodes of diarrhea per year, 2.5 episodes of 
lower respiratory infection/year, and 0.8 episodes/year of 
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common communicable diseases (measles, chicken pox, 
rubella, mumps, and pertussis).[5] Prevalence of 
malnutrition (Gomez classification) was about 10%. 
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MATERIAL AND METHODS 
1)Source of Data 
Data are from chart records of malnourished children 
admitted to the Nutrition Research Institute in Lima, 
Peru, between 1961 and 1982. All children were admitted 
for the treatment of malnutrition and were participants of 
various ongoing research projects. All studies on the 
children were approved by the appropriate review 
committees in existence at the time. Criteria for 
inclusion into this study included: age less that 3 years, 
constant level of dietary protein and energy for at least 
10 weeks, and no current infection. 
The following data were extracted from the records: 
1) Energy consumed expressed as kcal/kg initial body 
weight/day 
2) Protein consumed expressed as gm/kg initial body 
weight/day 
3) Length of hospital stay (days) 
4) Initial and final weight (kilograms) 
5) Initial and final height (centimeters) 
6) Initial and f inal total serum protein (gm/dl serum) 
7) Initial and final serum albumin (gm/dl serum) 
8) Initial age (mths) 
9)Inactivity expressed as the number of days of 
confinement to bed for metabolic collections 10)Initial 
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and final arm circumference (cm) 
11)Initial and final triceps skinfold (mm) 12)Information 
on illnesses, fevers (>38.5 C) , and 
vaccinations 
From the above data the following variables were 
derived: 
1) Percentage of energy derived from protein (% P/E) 
calculated as 
Protein (gm/kg/day)*4 kcal/1 gm protein * 10 0 
Energy (kcal/kg/day) 
2) Rate of change in weight (gm/kg initial body 
weight/day) 
3) Rate of change in height (mm/day) 
4) Rate of total serum protein change (mg/dl/100 days) 
5) Rate of serum albumin change (mg/dl/100 days) 
6) Age-for-weight (Wt-age): calculated from NCHS growth 
charts as the expected age of a standard (NCHS) 
child given the weight of the study child. 
Specifically the age of a child at the 50th 
percentile for weight using the study child's 
weight. Roughly, this can be thought of as the 
expected age a U.S. child would have given the 
weight of the study child.[21] 
7) Age-for-height (Ht-age): calculated from NCHS growth 
charts as the expected age of a standard (NCHS) 
child given the height of the study child. 
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Specifically the age of a child at the 50th 
percentile for weight using the study child's 
weight. Roughly, this can be thought of as the 
expected age a U.S. child would have given the 
height of the study child.[21] 
8) Arm fat cross-sectional area (mm**2)[see Appendix A] 
9) Rate of change in % of arm cross-sectional area as 
fat (change/100 days) [see Appendix A] 10)Inactivity 
rate (# days of metabolic collection/100 
days) 
11) Morbidity rates: 
i)illness rate- # of episodes of illness/100 days 
Illnesses varied from pnuemonia, diarrhea, and 
measles with no distinction made to severity or 
duration of illness 
ii)vaccination rate-# vaccinations/100 days 
iii)fever rate- # of episodes of fever/100 days 
iv)disease rate- (# illnesses + # vaccinations + 
# fevers) per 100 days 
12) Initial deficit- a rough measure of the degree of 
wasting (thinness) in the child calculated as 
1 - age-for-weight(initial)/age-for-height(initial) 
Thus, if a child has a relatively greater deficit in 
weight compared to height the variable "deficit" 




Of 580 records examined 116 diet episodes satisfied 
the criteria for entry into this study. Fifty-one diets 
consisted of experimental diets utilizing a variety of 
protein sources (fish, wheat, potato, etc.) and thus, the 
source of protein could not be controlled for between 
children to provide large enough study groups. Thirty- 
eight diets consisted of hospital diets mainly among 
children studied in the early 1960's. Multiple protein 
sources were used within a given diet episode with no 
indication of the relative amounts of the specific types 
and again the type of protein could not be controlled. 
Thus, this study concerns data from 27 children on a 
milk based diet (Similac/Lactogen). Sucrose and oils were 
added to attain energy intakes between 100 and 197 kcal/kg 
body weight per day. Protein provided between 1.875 
gm/kg/day and 5.0 gm/kg/day [4.6 and 16.0% of energy as 
protein (%P/E)]. Non-protein energy was 52% fat and 48% 
carbohydrates. Vitamins were added to meet the United 
States Recommended Dietary Allowances. Diets were 
liquified and intakes measured at each feeding. Energy 
and protein contents were recalculated and adjusted for 
weight changes daily. 
3)Measurements 
All measurements were taken in accordance with the 
protocol of the research study in which the child was 
enrolled. In general, weight change was measured daily to 
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the nearest 10 grams and height to the nearest centimeter. 
Triceps skinfold was measured to the nearest millimeter 
with Lange skinfold caliper at a pressure of 10 gm/mm**2 
of contact surface area. The measurement was taken over 
the triceps muscle halfway between the elbow and the 
acromial process of the scapula. Arm circumference was 
measured to the nearest centimeter at the halfway point 
between the tip of the acromion and the olecranon process 
on the right arm. Blood chemistries were measured weekly 
and included serum protein (Biuret method) and serum 
albumin (acetate gel electrophoresis). Data on illnesses, 
temperatures, and vaccinations was also recorded. 
4)Analysis 
SAS version 10 was used to analyze the data. The 
following are examined: 
1) The relationship between the amount of "protein", 
"calories", "inactivity", "disease", "deficit", and the 
"rate of weight and height change". 
2) The relationship between the change in body composition 
measured as the "rate of change in serum albumin" and 
"rate of change of the % arm cross-sectional area as fat", 
and the "rate weight change, "protein", "calories", and 
"inactivity". 
In attempt to stratify the data into groups at 
different levels for predictor(independent) variables the 
data were arbitrarily subdivided into two groups("low" and 
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"high") four different ways depending upon i)"calories", 
ii)"protein", iii)"initial weight", and iv)"initial 


















The division points were chosen to maximize the number of 
children in each group. The data was not analyzed with 
respect to sex as protein/energy requirements and rates of 
growth are essentially the same for children less than 2 
years of age. 
Students t test was used to analyze differences in 
the variables mentioned above. In this report statistical 
significance is defined as p value<=0„05. In addition 
stepwise multiple regression using a p value of 0.15 for 
entry into the various regression models was 





Twenty-seven children were fed a milk-based (13 boys, 
and 14 girls) with an average of 143 kcal/kg body 
weight/day energy consumption and 2.98 gm/kg body 
weight/day of protein. The average age was 11.4 months 
with an initial weight 5.4 kg (average weight-age of 3.1 
months). 
Rate of weight gain over the study period averaged 
4.52 g/kg body weight/day. They averaged 0.98 episodes of 
diseases (classified as illness, fever, or vaccination) 
per month. Metabolic collection studies resulted in an 
average of 5.082 days/100 days of confinement to bed. 
Serum albumin increased by 23 mg/dl/100 days representing 
an average increase from and initial level of 3.91 g/dl to 
a final level of 4.14 g/dl.[see Table 3 and 4] 
2) Growth Rates 
When the data is arbitrarily divided into two groups 
based on protein intake: "low" protein (<3.0 gm/kg body 
weight/day, n=14), and "high" protein (>=3.0 g/kg body 
weight/day, n=13) no statistically significant difference 
exists for "rate of weight gain" (p=.13). The "low" 
protein group did show slower gain in height (0.40 mm/day 
vs. 0.63 mm/day, p=.001), but they also consumed less 
calories (134 vs. 150, p=.05). Also, the "low" protein 
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group had a higher "initial height" than the "high" 
protein group (67.0 cm vs. 58.7 cm., p=0.001). No 
significant difference existed for "inactivity", 
"deficit", or "disease rate".[see Table 5] 
Using 150 kilocalories as an arbitrary division point, 
the same data was divided into two other groups: "low" 
calories (<150 kcal/kg body weight/day, n=12), and "high" 
calories (>=150 kcal/kg body weight/day, n=15). The "low" 
calorie group had a lower "rate of weight change" than the 
"high" calorie group (3.33 gm/kg body weight/day vs. 5.48 
gm/kg/day, p=.0029), but they also had a higher "initial 
weight" (6.6 kg vs. 4.5 kg., p=.0020). Similarly, the 
"low" calorie group experienced slower height gain (0.42 
mm/day vs. 0.50 mm/day, p=.04) with a higher "initial 
height" (66.7 cm vs. 60.2 cm, p=.02) No statistically 
significant difference existed for "deficit" or "protein", 
[see Table 6] 
Further, creating two arbitrary groups using "initial 
deficit" as an index of the degree of thinness with a 
"low" deficit group (<0.5, n=13) and "high" deficit group 
(>=0.5, n=14) results in the "low" deficit group showing a 
highly significant lower "rate of weight change" (3.12 
gm/kg body weight/day vs. 5.38 gm/kg body weight/day, 
p=.0001) but again, the "low" deficit group also had a 
higher "initial weight" (6.72 kg vs. 4.26 kg, p=.0002) and 
consumed on the average less calories (129 vs. 156, 
p=.003). There was no significant difference for 
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"protein" or "rate of height change".[see Table 7] 
Lastly, attempting to examine the effect of "initial 
weight" the 27 children were divided into a "low" initial 
weight group (<5.0 kg, n=14), and a "high" initial weight 
group (>=5.0 kg, n=13). In this case the "low" initial 
weight had a higher "rate of weight change" (5.64 gm/kg 
body weight/day vs. 3.33 gm/kg body weight/day, p=.0012), 
and they also had a higher intake of "calories" (155 
kcal/kg body weight/day vs. 130 kcal/kg body weight/day, 
p=.006) and "protein" (3.36 gm/kg body weight/day vs. 2.57 
gm/kg body weight/day, p=.0330). "Rate of height change" 
was also higher in the "low" initial weight group (0.60 
mm/day vs. 0.41 mm/day, p=.0108) with the "low" initial 
weight group also having a lower "initial height" (57.8 
cm. vs. 68.7 cm., p=.0001). "Deficit" "inactivity", and 
"disease rate" did not show a statistical difference.[see 
Table 8] 
Using stepwise multiple regression various variables 
were analyzed as predictors of growth rates. Table 9 
summarizes the analysis of "rate of weight change" (gm/kg 
body weight/day) for children on the milk diet. The 
independent (predictor) items are ordered according to 
their contribution to the multiple R**2 on "rate of weight 
change". Using a P value of .15 for entry into the model 
in stepwise regression the three variables "initial 
weight", "calories", and "protein" explained a total of 
56% of the variability in "rate of weight change", of 
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which 45% was accounted for by the item "initial weight". 
"Initial weight" and "protein" showed a negative 
correlation with "rate of weight change" while "calories" 
had a positive correlation. Examining "rate of weight-age 
change", only "initial weight" entered the model 
explaining 20% of the variability. 
The amount of "inactivity" (days of metabolic 
collection) had essentially no effect on "rate of weight 
change" with an R**2 of.04 as a single variable and no 
improvement in R**2 when controlling for "initial weight", 
"calories", and "protein". Also, P values for 
"inactivity" were always greater than 0.15. 
Similarly, the variable for the amount of 
disease("disease rate") did not improve the model's 
prediction for "rate of weight change" with a R**2 of 
0.004 as a single variable and no improvement in R**2 when 
controlling for "initial weight", "calories", and 
"protein" (p values>0.15). 
The variable "deficit" when regressed alone results 
in a R**2 of .16, but when it is added to "initial weight" 
the R**2 increased only 0.01 (from 0.45 to 0.46). 
Attempting to limit the effect of "initial weight", a 
subset of children were analysed with initial weights 
between 5.0 and 10.0 kilograms, n=13. Normal U.S. 
children aged 2-14 mths would tend to fall into this 
weight range.[21]. Using stepwise regression examining 
"rate of weight change" the only variable which entered 
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the model (p value for entry = 0.15) was "calories" with a 
R**2 of 0.24, p=0.09, and a beta coefficient of 0.05. 
"Initial weight" alone still explained 20% of the 
variability in "rate of weight change", but controlling 
for "calories" it only added 9% to the model R**2 with a p 
value>0.15. 
For "rate of height change" "initial height" was most 
important with a R**2 of 0.51, p=0.0001. Addition of 
"protein" to the regression improved the R**2 by 0.09(to 
.60) with a p value of 0.035. Addition of "calories", 
"disease", or "inactivity" lead to less than a 0.05 
increase in R**2 with p>.0.15.[see Table 10] 
3)Body Composition Changes 
The variable for change in body composition, "rate of 
change in % of arm cross-sectional area as fat" had 29% of 
its variability explained by the "initial % of arm cross- 
sectional area as fat"(p=.027) with no other variables 
entering the stepwise regression. The beta coefficient 
was negative(-0.03, indicating a negative correlation. 
None of the other variables examined ("inactivity", 
"protein", "calorie", "age", or "rate of weight change") 
satisfied the p=.15 criteria for entry and none added more 
than 10% to the regression R**2. 
Looking at "rate of changes in serum albumin" the 
independent variables (predictors) entering the stepwise 
regression were "initial serum albumin" and "initial 
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weight". Forty-three percent of the variability is 
explained by "initial serum albumin" alone. Addition of 
"initial wei 





ght" increases the R**2 by 11 percentage 
% (p=.03). The beta coefficient for "initial 
n" is negative (-73.8) while the beta 
for "initial weight" was positive (1.7). Of 
ies" and "protein" did not satisfy the p=.15 




Consideration of the results requires discussion 
of the data per se, the statistical methods, and 
interpretation of the results. 
1) The Data 
As noted this is a retrospective study (chart review) 
of data collected on recovering malnourished children that 
participated in various research projects at the Nutrition 
Research Institute in Lima, Peru. The data studied spans 
a time period of 20 years. Different personnel performed 
the measurements of weight, height, arm circumference, and 
triceps skinfold thickness. Thus, observer bias may exist 
because of non-standardization of measurements between 
children. Further, all conclusions from this study are 
made realizing that the sample size is rather small (27). 
& 
2) Statistical Methods 
In performing a statistical analysis it was possible 
to define different groups based upon dietary intake (i.e. 
'high" and "low" protein or energy intake) but in doing so 
the groups also had statistically significant differences 
in many other important variables. For instance the "low" 
calorie group had a significantly lower "rate of weight 
change" than the "high" calorie group, but the "low" 
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calorie group also had a higher "initial weight". Thus, 
it is difficult to decide if the group grew slower because 
of the lower energy intake or because they weighed more. 
Further, the "low" group also had a lower "deficit". 
Thus, multiple regression was used to better identify 
possible relations. In doing this one should realize 
what the underlying assumptions in the use for regression 
analysis are: 
1) Sample is drawn at random 
2) Each array of Y for a given combination of X's 
follows the normal distribution 
3) Regression of Y and X'z is linear. 
4) A11 the Y arrays have the same variance. [22] 
Two important assumptions are that of linearity and 
homogeneity of variance. These can be evaluated by direct 
examination of scatter plots or better yet, residual plots 
(deviation of observed Y score from a predicted Y 
value). [23] Essentially, these residuals are conceived as 
measures of the error component assuming that these 
components i)are independent, ii)have a mean of zero, 
iii)have the same variance throughout the range of Y 
values. A patternless residual plot equally distributed 
above and below the residual is desirable. If one 
examines the scatter plot for the National Center of 
Health Statistics [NCHS] data of mean value of rate of 
weight change vs initial weight for boys less than three 
years of age, it is seen that the relationship is not 
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linear.[see Figure 1] Linearity is improved if the age and 
weight range of the NC'HS data are restricted to match the 
27 study children.[Figure 2] 
Examination of the residual plots for NCHS data shows 
a clear U shaped pattern suggesting that the data should 
be transformed or more terms added to produce a better 
fitting model.[see Figure 3.] Again, with age restriction, 
although the U shaped pattern exists, the model is better 
as the magnitude of the deviations around the 0 residual 
line is decreased, [see Figure 4] All of the above suggest 
that caution should be used in using simple regression of 
"rate of weight change" on "initial weight". 
For ease of analysis and ease of interpretation 
polynomial and quadratic regression analysis was not 
attempted which could improve the linearity. Further, in 
analysing the data from the study children the residual 
scatter plots for "rate of weight change" and and "initial 
weight" as a single predictor variable produced and 
essentially random scatter plot, [see Figure 5] Likewise, 
the residual scatter plots for "rate of weight change" and 
"height change" using other models with single independent 
variables or using multiple independent variables with and 
without interaction terms produced random patterns. 
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3)Interpretation of Results 
i)Weight Gain 
a)Role of Initial Weight 
Analyzing NCHS growth charts shows clearly the 
importance of initial weight on the rate of weight change. 
Even attempting to control for initial weight by using 
rate of growth as gm/'kg of body weight/day, the lower 
weight (lower age) children grow much faster than the 
higher weight chiIdren.[see Figure 1] Further, if one 
examines rate of weight change versus age for the NCHS 
data for boys, the rate of weight change decreases 10 fold 
between 0 and 12 months, but from 12 to 36 months the rate 
is almost constant.[see Figure 6] Thus, using gm/kg body 
weight/day rate of weight change is only independent of 
age after one year. This corresponds to a weight of about 
10.0 kilograms after which the rate of weight change 
varies little.[see Figure 1] 
The importance of initial weight as a predictor of 
rate of weight change in this study population is also 
apparent. Figure 7 highlights the dependence of rate of 
growth on initial weight for the study population. It 
alone explains 45% of the variability in rate of weight 
change. Only by narrowly defining the initial weight 
ranges to 5-10 kilograms did the variable "initial weight" 
not enter the regression model. Numerous studies in the 
literature either did not control for or mention initial 
weight in diet comparison studies. Others noted initial 
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weight but did not comment on possible interaction with 
growth rates.[24,25,26,27, 28] The investigators may have 
thought given the higher range of ages (>12 months) there 
would be no effect on rate of growth . Yet, the initial 
weights were uniformly less than 10.0 kilograms, and 
therefore may have exerted a strong influence on the rate 
of weight gain.[see Table 11] 
When the study children are compared to U.S. 
children of the same age it is seen that the rate of 
growth is more than four times greater.[see Figure 8] This 
increase is similar to what has been reported in other 
studies and is considered to represent catch-up growth, 
the body's attempt to put on relatively more weight faster 
to compensate for the deficit imposed by malnutrition. 
Interestingly enough if one looks at U.S. children of the 
same initial weight, and not age, as the study children, 
the growth rates are quite similar.[see Figure 9] 
Comparing Figure 8 and 9 we see that the rate of growth of 
the study children corresponds more closely with the NCHS 
data when initial weight and not age is used. 
Thus, it may be that the control mechanisms for 
growth in malnourished children are more closely linked 
with weight and not age . We may therefore expect that in 
malnourished children given adequate protein and calories 
and kept free from infection that the rate of weight gain 
would be similar to healthy U.S. children of the same 
weight and not age. This then may provide one more 
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indicator to assess the success of a particular therapy in 
promoting growth in malnourished children; mainly, to make 
sure the observed growth corresponds to the expected 
growth rates of a reference child of the same initial 
weight. 
b)Role of Protein and Energy 
In this study it is difficult to determine a specific 
relationship between protein, calories, and rate of growth 
measured as either gain in weight or gain in height. For 
"rate of weight change" adding only "protein" to "initial 
weight" in the regression increased the R**2 by 7 with a p 
value of .09, but the beta coefficient was actually 
negative (-0.56 + 0.32). 
Calories met the p=. 15 criteria for entry into the 
model (p=0.13) but it has very little practical 
significance since it only explains 4% of the variability 
in the rate of weight change. Further, the interaction of 
protein and calories did not in improve the model. Thus, 
this data does not allow us to define quantitatively the 
role of protein and calories on rate of weight gain. This 
is not unexpected given the relatively high levels of 
protein and calories consumed by the children and the 
small sample size. Also, the protein and caloric intake 
covers a rather narrow range (1.99-5.0 g./kg body 
weight/day and 100-197 kcal/kg body weight/day, 
respectively) with a paucity of data at low intakes. 
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c)Evaluation of weight gain and role of infection 
The children in this study received ample protein and 
calories when compared with the WHO recommendations for 
age alone are used. However, if the WHO recommendation 
for malnourished children is used the caloric 
recommendations are actually far above what the children 
received. The recommendation is that the total daily 
intake be based upon the age. This recommendation is 
based on the weight of a healthy child at that age. Thus, 
a child weighing less than the average for that age would 
receive the same total calories, but actually more 
calories per unit weight. For example in this sample the 
children had an average age of 11.5 months with an average 
weight of 5.4 kg. The WHO recommendation for an 11-12 
month old is 105 kcal/kg body weight/day. The average 
weight of a 11-12 year old is about 10 kilograms. Thus, 
the total recommended caloric intake per day would be 
about 1050 calories. This divided by the average weight 
in the study group comes to 197 kcal/kg/ day. Thus, the 
study grouped received about 25% less calories than what 
the WHO recommends for malnourished children. The average 
protein intake of 2.98 gm/kg body weight/day was quite 
similar to the WHO recommendation of 2.7 gm/kg body 
weight/day. On the other hand, the caloric intake is 
quite similar to what has been used in other nutrition 
rehabilitation centers. Even though the caloric intake 
was substantially lower than that recommended by WHO it is 
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not surprising that the children showed a satisfactory 
weight gain. First, the WHO recommendations are set to 
provide adequate levels for 97.5% of the population thus 
allowing a wide latitude before decreased calories would 
be expected to effect the majority of the population. 
Second, the disease burden measured as a composite of 
illnesses, fever, and vaccinations was low in the study 
group and about one-half of what is seen in rural 
villages.[5] 
Despite levels below the WHO recommendations the 
average growth rate was 4.5 gm/kg body weight/day. This 
corresponds to the lower level of what has been seen in 
other children in nutritional rehabilitation centers where 
the average weight of a survey of 11 studies was 7.06 
gm/kg body weight/day.[see Table 11] It is hard to draw 
direct comparisons with other studies though as age, 
initial weight, deficit, calories, protein, concurrent 
disease, and stage of recuperation all vary between 
studies. The age and weight of the children in this study 
tended to be slightly lower than many other studies in the 
literature as most studies had a higher proportion of 2 
and 3 year olds. We would expect that this would favor a 
higher rate of weight gain though. 
A factor which does not explain the lower rate of 
weight gain is that the amount of protein and calories 
consumed by children in this study compared to other 
studies. In Jamaica where the highest growth rates have 
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been recorded up to 20 gm/kg body weight/day, caloric 
input was only 150 kcal/kg day and protein was 3.26 
gm/kg/day only about 10% higher than that consumed by the 
children in this study.[2] 
A likely explanation is that the growth rate reported 
in many studies covers the initial days or weeks of 
dietary therapy during which treatment of infections and 
provision of an adequate diet for the first time can have 
their greatest effect. The children in this study were 
all well past the acute phase of their illness and thus, 
the effect of therapy may not have been as great. 
It should be noted that the study children did 
experience some morbidity in the form of illnesses with 
fever and vaccinations. Roughly speaking their rate of 1 
episode of disease per month could be thought of as 10-20% 
of the time having an illness (3-6 days per episode of 
disease). Data from other rehabilitation studies is not 
available for comparison, but this is lower that what is 
found in many communities when up to 35% of the time 
children have one disease or another.[5] Also, none of 
the indicators for morbidity ("disease rate", "illness 
rate", "fever rate", and "vaccination rate") entered the 
regression model for "rate of weight change". The effect 
of disease may have been counteracted by prompt treatment 
and close supervision of feeding with no decreased food 
intake. In community studies associated anorexia can 
account for up to a 20% decrease in food intake. In 
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summary, all variables considered, these children showed 
adequate gain in weight at the given intake of calories 
and protein when compared to results from other studies. 
Further, on the average the growth rates are close to the 
stated recommendation of the United Nations University 
World Hunger Programme; mainly, a goal of 5 times normal 
rate of growth given age of the child (4.5 gm/kg body 
weight/day vs. 1 gm/kg body weight/day for a reference 
child of the same average age of 11.5 months).[3] 
ii)Height Gain 
In discussing height changes it should be noted that 
the best data for demonstrating specific effects is not 
available in this study. Unlike weight, factors 
concerning changes in height tend to act over a longer 
time period with short term fluctuation in the rate of 
height gain being small. The diet periods studied here 
were only 10 weeks long. Height changes amounted to about 
5cm. from an average initial height of 63 cm. Thus, the 
time period may not have been long enough to accurately 
assess variation in rate of height change. Further, it 
may be most important to look at the diet prior to the 
study in assessing growth determinants As in the analysis 
of weight gain, we see again that the "initial height" is 
important to control for as in this study it alone 
explained 51% of the variation in "rate of height gain". 
"Protein" entered the regression model, but explaining an 
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additional 8% of the variability in rate of height change 
with a p value of 0.07. Thus, no conclusions should be 
drawn concerning the effect of protein and caloric intake 
on height changes from this study, but again it is seen 
that it is important in young children to control for 
initial height when attempting to look for differences in 
height gain among groups. 
iii)Body Composition Changes 
Few studies have been done on the composition of 
weight gained in recovering malnourished children. The 
major concern has been that high caloric recovery diets 
which show very rapid rates of growth up to 20 times 
normal may actually represent mainly the addition of fat 
and not muscle. This may not be beneficial to the child 
as the protein stores in a child are quite important in 
determining how well a child can handle future infections. 
This study shows essentially no statistically significant 
association between "calories", "protein", or "rate of 
weight change" and the "rate of change in arm cross 
sectional area as fat". 
What is evident though is that in studying changes in 
body composition one should control for the initial state. 
In this data 29% of the variability in the "rate of change 
of % of arm cross-sectional area as fat" was explained by 
the "initial arm fat area". In other words, children who 
were less fat tended to put on proportionally more fat 
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than children who were initially more fat. This may 
represent overall a return to a similar body composition 
as "thin" children attempt to restore more severely 
depleted fat stores. 
One concern of the author was that the level of 
inactivity may influence the composition of weight gain. 
Specifically, it was hypothesized that those children 
experiencing the most metabolic studies (requiring 
confinement to bed for 3 days per study) would 
preferentially gain fat over muscle. Among the 27 
subjects they spent an average of 5.7% of their time in 
metabolic studies (confined to bed) with some spending up 
to 20% of their time in collection studies. Controlling 
for "initial arm fat area" the variable for inactivity did 
increase the R**2 by .15 (.29 to .36) but with a p value 
less than 0.15. Although the increased R**2 suggests a 
possible trend showing increased inactivity having a small 
effect on change in body composition with preferential 
deposition of fat, no firm conclusion on the effect can be 
supported by this data. Further controlled prospective 
studies with more subjects would be need to determine if a 
relationship exists and if the effect is clinically 
significant. 
Further there are some inherent disadvantages to the 
method of determining body composition changes used in 
this analysis which should be noted. First, the skinfold 
measurements were taken on the different children over 
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many years by different investigators which can lead to 
intraobserver bias even though the same technique was 
followed. Second, it is known that skinfold measurements 
only provide a rough estimate of total %body fat, and 
thus, using the % of arm cross-sectional area as fat as an 
indicator of change in body composition can lead to 
conclusions of relative changes, but one cannot make 
conclusions on absolute changes in the quantity of fat. 
The other crude measure of body composition is serum 
albumin. Previous studies have shown that on experimental 
non-milk diets which promoted rapid weight gain some 
children experienced drops in serum albumin to levels 
considered to be abnormal (<3.0 gm/dl).[6] This study 
showed essentially no change in serum albumin over the 
diet period with no effect of "rate of weight gain", 
"calories", or "protein" on the "rate of albumin change". 
This may be explained by the fact that the children in 
this study were eating a diet with a high quality 
protein(milk). Further, the range of different caloric 
and protein intakes may have been too narrow and too high 
to see a limiting effect of protein and calories on 
changes in serum albumin. Also, these children were all 
past the acute stage of malnutrition and thus, had 
regained some of the protein stores enabling them to 
buffer against any stresses producing lower albumin 




Even with this average albumin level in the normal 
range, the "initial albumin" did influence the "rate of 
albumin change" explaining 45% (p=0.0002) of the variation 
in the rate of change. Further, the beta coefficient was 
-60.2 indicating that the children with lower initial 
albumin experienced higher positive rates of albumin 
change. Analyzing a series of 5 other studies where 
albumin was measured, the correlation between "initial 
albumin" and "rate of change of albumin" was -0.84 
supporting the results in this study, [see Table 12] 
Thus, it is important in comparing albumin changes between 




In conclusion as seen in the variety of recommen¬ 
dations for dietary therapy and actual results in the 
literature, the wide range of growth rates witnessed within 
the small sample in this study, and the inability to find 
powerful predictors, it becomes clear that the process of 
growth is indeed quite complex. 
The major conclusions that can be reached with this data 
are: 
1) Initial weight is an important predictor for the 
rate of weight gain expressed as gm/kg body weight/ 
day in malnourished children under 10 kg body weight. 
2) Likewise, initial height is an important predictor 
of rate of height change expressed as mm/day in 
malnourished children under 2 years of age. 
3) Initial serum albumin is an important predictor of 
rate of change in serum albumin in malnourished 
children. 
4) Initial weight can be used to predict expected 
weight gain and to determine protein and energy 
requirements. 
Far from being conclusive the data also suggests that: 
1) The amount of protein had a small but 
statistically significant positive effect on the 
rate of height gain. 
2) The amount of disease experienced by the children 
did not effect growth significantly. 
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3) The level of inactivity did not significantly 
effect growth or in other words the periodic 
confinement of the children to bed for collection 
studies did not hamper growth. 
4) Given the range of calories and protein consumed by 
the children no significant difference in growth 
could be attributed to differences in protein or 
calories. 
5) The initial body fat composition in a malnourished 
child is an important predictor of future rate of 
change in body fat composition. Children with less 
fat initially tend to gain fat more rapidly than 
children with more fat initially. 
6) Body composition changes (measured as change in % 
of arm cross-sectional area as fat or rate of 
change in serum albumin) were not significantly 
influenced by rate of weight change, protein, or 
calories. 
7) At an average caloric intake of 143 kcal/kg body 
weight/day and 2.98 gm/kg body weight/day protein 
(milk source) the growth rates were adequate when 
compared to results obtained in other studies. 
8) Given that dietary protein and energy levels were 
less than the WHO recommendations and adequate 
growth occurred it appears that the WHO 
recommendations are appropriate. 
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TABLE 1. Estimated prevalence of protein-energy 
malnutrition in developing countries.[2] 
Degree of malnutrition: Gomez classification 
(number of children with PEM in millions) 
[% of total population 0-5 in the group] 
Area Severe (III) Moderate(II) Total 
Latin 0.7 [ 1.6] 
America 







71.0 [ 3 4.2 ] 
Total 10.0[2.6] 85.5[22.7] 99.5[25.3] 
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TABLE 2. Comparison of recommendation for various 
growth rate levels and WHO recommendations. 
Recommendations are for a one year old boy weighing 8 
kilograms ("moderate" malnutrition). 
Protein Energy 
(g/kg body (Kcal/kg body 
weight/day) weight/day 




* 1 1.25 111 
* 2 1.40 117 
* 3 1.55 123 
* 4 1.70 129 
* 5 1.85 135 
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TABLE 3. Summary of Independent (Predictor) Variables. 
INDEPENDENT VARIABLES 

















27 142.852 25.328 100.000 197.00 
AGE 
(mths) 
27 11.456 5.559 2.400 21.000 
INITIAL 
WEIGHT(kg) 
27 5.443 1.890 3.020 9.940 
INITIAL 
HEIGHT(cm) 
27 63.086 7.305 52.500 81.500 
WEIGHT- 
AGE (mths) 
27 3.070 2.972 0.000 11.300 
HEIGHT- 
AGE (mths) 
27 4.659 3.643 0.800 17.200 
INITIAL 
DEFICIT 




27 3.907 0.615 2.410 4.950 
INACTIVITY 
(# days of 
metabolic 
collection) 




27 2.692 2.108 0.000 9.322 
DISEASE RATE 27 
(# illnesses + 
# fevers + 
# vaccinations/ 
100 days) 
3.764 3.053 0.000 10.390 
FEVER RATE 




0.489 0.836 0.000 2.597 
VACCINATION 
RATE 





TABLE 4. Summary of Dependent (Outcome) Variables. 
DEPENDENT VARIABLES 










27 4.526 1.991 0.300 9.240 
RATE OF WEIGHT- 
AGE CHANGE 
(mths/lOOdays) 













27 23.778 56.243 89.000 202.000 
RATE OF 
CHANGE IN % OF 
19 
ARM 
12.718 16.668 17.273 44.759 
CROSS-SECTIONAL 




TABLE 5. Comparison of independent and dependent 

















(mean + s.d.) 
(n= 14) 
2.25 + 0.31 
134 + 25 
14.5 + 4.2 
6.48 +1.9 
67.2 + 6.3 
0.34 + 0.36 
"HIGH" p 
[>=3.0 gm/kg/day] 
(mean + s.d.) 
(n= 13) _ 
3.77 + 0.83 0. 
152 + 23 0. 
8.2 + 5.1 0. 
4.33 + 1.1 0. 
58.7 + 5.6 0. 
0.28 + 0.54 0. 
5.13 + 2.14 0. 
4.55 + 2.11 0. 
0.63 + 0.18 0. 
RATE OF WEIGHT 3.96 + 1.73 
CHANGE 
(gm/kg/day) 
RATE OF WEIGHT- 6.57 + 2.62 
AGE CHANGE 
(mths/100 days) 















TABLE 6. Comparison of independent and dependent 
variables between "low" and "high" calorie groups 
Independent "LOW" "HIGH" 
Variables [<150 kcal/kg/day] [>=150kcal/kg/day] 
(mean + s.d.) (mean + s.d.) 











120 + 12.1 
2.89 + 1.11 
12.9 + 6.5 
6.6 + 2.0 
66.7 + 7.53 
0.27 + 0.37 
161 + 15.5 0 
3.06+0.0. 0 
10.3+4.5 0 
4.5 + 1.16 0 
60.2 + 5.8 0 
0.49 + 0.49 0 
Dependent 
Variables 
RATE OF WEIGHT 3.33 + 1.6 
CHANGE 
(gm/kg/day) 
RATE OF WEIGHT- 6.00 + 3.13 
AGE CHANGE 
(mths/100 days) 
RATE OF HEIGHT 0.42 + 0.16 
CHANGE 
(mm/day) 
5.48 + 1.78 0 
5.3 + 2.06 0 













TABLE 7. Comparison of independent and dependent 















DEFICIT 0.09 + 0.47 0.58 + 0.16 0.0057 
INITIAL WEIGHT 6.72 + 1.79 4.26 + 1.04 0.0004 
(kg) 
CALORIES 129 + 17 156 + 25 0.0033 
(kcal/kg/day) 
PROTEIN 2.87 + 1.1 3.08 + 0.89 0.5947 
(gm/kg/day) 
AGE(mths) 12.8 + 5.7 10.2 + 5.3 0.2235 




RATE OF WEIGHT 3.12 + 1.43 5.84 + 1.49 0.0001 
CHANGE 
(gm/kg/day) 
RATE OF WEIGHT- 5.55 + 3.12 5.64 + 2.02 0.9254 
AGE CHANGE 
(mths/100 days) 
RATE OF HEIGHT 0.45 + 0.16 0.57 + 0.21 0.1149 
CHANGE 
(mm/day) 
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TABLE 8. Comparison of independent and dependent 
variables for the "low" and "high" initial weight 
groups. 
Independent "LOW" "HIGH" p value 
Variables [<5.0 kg] [>=5.0 kg] 
(mean + s.d.) (mean + s.d.) 
(n = 14) (n=13) 
INITIAL WEIGHT 
(kg) 
3.98 + 0.61 7.02 + 1.46 0.0001 
CALORIES 
(kcal/kg/day) 
155 + 26 130 17 0.0060 
PROTEIN 
(gm/kg/day) 
3.36 + 0.98 2.57 + 0.84 0.0330 
AGE(mths) 8.44 + 4.43 14.7 + 4.86 0.0019 
INITIAL HEIGHT 57.8 + 4.20 68.7 + 5.47 0.0001 
(cm) 
DEFICIT 0.54 + 0.52 0.24 + 0.31 0.0819 
Dependent 
Variables 
RATE OF WEIGHT 
CHANGE 
5.64 + 1.6 3.33 + 1.68 0.0012 
(gm/kg/day) 
RATE OF WEIGHT- 
AGE CHANGE 
4.75 + 1.36 6.51 3.23 0.0879 
(mths/100 days) 





TABLE 9. Summary of regression R**2 for rate of weight 
change on independent variables. 
RATE OF WEIGHT CHANGE 
(gm/kg body weight/day) 
Variable Multiple Change P Simple beta 
R**2 in R**2 value r**2 coefficient 
INITIAL WEIGHT .45 .45 .0001 .45 -.689+.196 
(kilograms) 
PROTEIN . 52 .07 .09 .01 .012+.013 
(gm/kg body 
weight/day) 




Note: for rate of weight change (gm/kg body weight/day) 
the mean was 4. 53 with a s.d. of : 1.91. No other 
variables met the 0.15 entry criteria for p value. 
RATE OF WEIGHT- •AGE CHANGE 
(months/100 days) 
Variable Multiple Change P Simple beta 
R**2 in R**2 value r**2 coefficient 




Note: the mean rate of weight-age change was 5.60 +2.6 




TABLE 10. Summary of the regression R**2 for rate of 
height change on the independent variables. 
RATE OF HEIGHT CHANGE 
(mm/day) 




.51 .51 .0001 .51 -.014+.004 
PROTEIN 
(gm/kg body 
.60 .09 . 0350 .40 .069+.031 
weight/day) 
Intercept: 1.19 
Note: The mean value for "rate of height change was 
0.51 + 0.19mm/day. No other variables entered the 
model at a p value<0.15. 
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TABLE 11. Summary of rates of weight change in 11 
studies. 
Study N Protein Calories Age Rate of weight 
(Length) (gm/kg body (g/kg body change(gm/kg 
(mts) weight/day) weight day) body weight/day) 
[Initial Weight] 
(kg) 
[6] 6 1.5 150 5-17 2.8 [n.a.] 
(14) 6 2.44 150 5-17 6.7 [n.a.] 
6 3.00 150 5-17 6.6 [n.a.] 
[18] 20 4.0 150 22 8.6 [6.87] 
(37) 
[29] 11 2.5 125 3-23 5.15 [5.6] 
(n.a.) 
[30] 6 4.4 125 14-45 4.17 [8.7] 
(22) 
[12] 13 2.0 150 (n.a.) 6.35 [n.a. ] 
(30) 
[31] 2 2.98 123 14-7 4.11 [7.36] 
(n.a.) 
[9] n.a. 5.27 234 24-36 9.31 [5.79] 
(49) 
[32] 22 3.0 150 32.4 8.64 [7.33] 
(n.a) 
[32] 21 2.0 150 33.8 9.49 [7.20] 
(n.a) 
mean 3.01 150.6 6.54 [5.98] 
(S.D.) (1.14) (30.1) (2.29) (2.75) 
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TABLE 12. Summary of the relation between rate of 
change in serum albumin, dietary protein/calories and 
initial albumin in 8 studies. 
Study N Albumin Change Protein Calories Age 
(Length) (gm/dl/lOOdays) (g/kg/day) (kcal/kg (mths) 
[initial] day 
[6] 6 0.0 1.5(4) 150 5-17 
(14) 6 -0.0286 2.44 (6.5) 150 5-17 
6 0.0286 3.00(8) 150 5-17 
[18] 20 0.0838 [2.3] 4.0(11) 150 22 
(37) 
[29] 11 0.0090 [3.57] 2.5 125 3-23 
(n.a.) 
[30] 6 0.0950 [1.6] 4.4 125 14-45 
(22) 
[12] 13 0.016[3.45] 2.0 150 (n.a .) 
(30) 
[31] 12 0.0323 [2.12] 2.98 (13) 123 14-7 
(n. a) 
mean 0.0295 [2.62] 2.85 140 
(S.D.) (0.04) [0.86] (0.97) (13) 
Correlations > 0.5: r 
1)Initial albumin with rate of albumin change: -0.84 
2)Protein with rate of albumin change 0.87 
3)Protein with initial albumin -0.87 
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Inital Weight (kilograms) 
FIGURE 1. Relationship between rate of weight 
and initial weight for U.S. boys <=36 months, 







Rate of Weight Change 






























Initial Weight (kg) 
FIGURE 2. Relationship between the rate of weight 
change amd initial weight for U.S. boys <= 12 months. 





























Predicted Rate of Weight Change 
(gm/kg body weight/day) 
FIGURE 3. Residual plot for rate of weight change for 
U.S. boys <=36 months. (Regression model "rate of 

























Predicted Rate of Weight of Change 
(gm/kg body weight/day) 
Figure 4. Residual plot for rate of weight change for 
U.S. boys <=12 months. (Regression model "rate of 
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Predicted rate of weight change 
(gm/kg body weight/day) 
FIGURE 5. Residual plot for rate of weight change. 
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24 28 32 36 
FIGURE 6. Relationship between rate of weight change and 
initial age for U.S. boys. (Derived from the National 
Center for Health Statistics growth charts.) 
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Note: 9 obs. hidden for predicted balues 
FIGURE 7. Relationship of rate of weight change and 
initial weight for the study children. (A:individual child 
P:predicted rates from regression analysis of rate of 











Rate of Weight Change 
(gm/kg body weight/day) 
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N Y = -0.19 *X + 3.75 
N R**2= 0.6388 
N P= 0.0011 
N 




2.5 7.5 12.5 17.5 24.0 
Age (mths) 
Note: 6 obs. hidden in predicted values 
FIGURE 8. Relationship of rate of weight change and 
age. Comparison between U.S. Children (N)[NCHS] and 
predicted values from the study children (S). 
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FIGURE 9. Relationship between the rate of weight 
change annd initial weight for U.S. boys <= 12 months (N) 
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Determination of rate of change in percentage of arm 
cross-sectional area as fat. 
In attempt to follow the change in body composition 
over the diet period serial triceps skinfold measurements 
were used as an indicator of body fat content. 
Specifically the initial and final measurements were used 
to calculate the percentage of the mid-upper arm cross- 
sectional area as fat. Schematically the arm can be 
thought of as a tube with an outer layer of fat 
surrounding an inner core of muscle bone, nerves, and 
vessels. The skinfold measurement measures the width of 
the fat layer. The actual value is roughly twice the 
width of the fat layer (see diagram #1). 
Using the diagram #2 the rate of change in the % of 
arm cross-sectional area as fat can be determined as 
follows: 
1)Let: 
a = width of fat 
b = radius of "other" area 
c = radius of "total" arm 
C = arm circumference 
SF = triceps skinfold measurement 




a + b = c b-c = a 
a = SF/2 
c = C/(2*p) 
2) "Fat" Area = "Total" Area - "other" Area 
= p*(c**2) - p*(b**2) 
= p*(c**2) - p*[(c - a)* * 2] 
= p*(c**2) - p*(c**2 - 2*a*c + a**2) 
= p*(c**2) - p*(c**2) + p*2*a*c - p*(a**2) 
= p*2*a*c - p*(a**2) 
= p* 2 * (SF/2) * [ (C/(2*p)] - p*(SF/2)* * 2 
= p*[SF*C/(2*p)] - p*[(SF* * 2)/4] 
= [p*SF/2) ] * [ (2C-SF*p)/(2*p) ] 
= SF/4 * (2C ■ SF*p) 
3) The percentage of arm cross-sectional area as 
fat is simply equal to: 
"Fat" Area/"Total" Area * 100 
4)The rate of change in the % of ram cross- 
sectional area as fat is: 
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[% "fat"(final) - % "fat"(initial)] / (the # of 
days between the final and initial measurement 
in days) 
The data is then expressed as change/100 days 
Diagram #1. Mid upper arm in cross-section 
SF= skinfold measurement^2 * width of fat 





SAS version 10 was used for all regression analysis. 
Specifically, the procedure STEPWISE was used. Stepwise 
builds a model by adding variables to the regression model 
one at a time. For a variable to be added the F statistic 
(probability >F value) must be less than the entry limit 
which in all analysis in this study was 0.15. The F value 
is essentially the variable’s contribution to the 
regression mean square divided by the error mean square of 
the model (Type II SS). After a variable is added, the 
method examines all variables in the model and deletes 
variables which do not have a F statistic significant at 
the 0.15 level. The process ends when no other variables 
outside the model have a F statistic significant at the 
0.15 level or when the variable to be added to the model 
is the one just deleted from it. In addition multiple R 
(R**2) , also called the multiple correlation coefficient, 
was determined after addition of each new variable. The 
multiple R is essentially the proportion of the total sum 
of squares due to the regression, or in other words it is 
an indicator of the % of the variation in the Y 
(dependent) variable which is explained by the X 
(independent) variables. From this the change in R**2 can 
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be determined for each added variable which indicates the 
amount of variability in Y explained by the added variable 
holding the effect of other variables in the model 
constant. In all cases the non-adjusted R**2 was used. 
II)Interaction between variables 
The method of least squares to fit general linear 
models (GLM) was used in multiple regression to check for 
possible interactions between variables. Analyzing all 
possible two way interactions for variables regressed with 
"rate of weight change", and "rate of height change" 
showed that no interactions had a p value (probability for 
>F) of less than 0.15. Further regression analysis was 
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